have gone into the records of 65 cases of non-union which have been dealt with at the three hospitals with which I am associated, during the last ten years (1927 to 1936). Forty-five of the patients had been treated at some other hospital in treat Britain, and had only presented themselves for final treatment with the non-union established. I selected only those cases in which the patients were treated as in-patients, and the fracture was of, at least, six months' duration. Fractures of the neck of the femur were excluded.
. Fourteen of these occurred during the first half of the ten-year period and five in the latter half period. Eleven of the fractures were originally compound and eight were simple fractures. Of the 19 cases, in 13 the fractures had been plated or screws had been inserted, and in one an open reduction had been performed. In three there had been simple excision of wounds. Two compound fractures-one of the femur, the other of the tibia and fibula-had not had surgical treatment, and the bone destruction was so extensive that amputations had to be performed. It appears that surgical intervention, such as plating a fracture, was primarily responsible for the non-union in 13 out of 19 of the cases in this group.
Over-exten8ion.-I have been able to obtain definite radiological evidence that prolonged over-extension of the fracture was employed in the primary treatment of 20 cases. Many others appear to have been over-extended, but I was not able to get the original X-ray films. 
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My impression has been that, while skeletal traction is an extremely valuable method of applying extension, it has been used without due care in many cases of recent years. A short period of over-extension, for perhaps forty-eight hours, is probably of great value in securing accurate reduction of a deformity, but the amount of weight can, and should be, very considerably reduced in as short a time as possible.
Note on special fractures.-I came to the conclusion that the fractured phalanges had not been satisfactorily immobilized, and that this was probably the cause for their non-union. As regards the four ununited fractures of the scaphoid, in one case a splint had been used for some months, and in the others the wrist had been fixed in plaster which did not appear, on careful questioning, to be satisfactory for the purpose. My impression is that the most satisfactory plaster for the treatment of a fractured scaphoid is one in which the wrist is in a position of dorsiflexion and abduction, and which immobilizes the first metacarpal bone completely.
As regards the metatarsal bones, two of the fractures were missed. One had been treated by extension and I was surprised to find how relatively easy it is to over-extend the fragments in a case of multiple fractures of these bones.
Summary.-In the ten years under consideration, there were 36 cases in the latter half as compared with 29 in the earlier half. In spite of improvement in the methods of treatment, ununited fractures were occurring with greater frequency. No general factors could be established for the causation of non-union. Excessive X-raying did not influence it.
Sedion of Orthopedis
Where there was X-ray evidence of bone infection, 14 cases out of 19 occurred in the first five-year period, and only five in the latter half period. Of the 19 cases 14 had had surgical interference.
Twenty had been treated by prolonged skeletal traction during their early stages, and radiological evidence suggests that over-extension was the cause for the nonunion in many of these.
In conclusion, I should like to thank Mr. Robt. Milne and those surgical colleagues at the London Hospital, Poplar Hospital for Accidents, and King George Hospital, Ilford, who have permitted me to make use of their cases.
Mr. H. A. T. Fairbank: Delayed union of fractures is just as frequently seen as it was twenty years ago, though resort to operation is less often considered necessary than it was. The causes of delayed and non-union are local, not general. Imperfect immobilization is undoubtedly the chief cause, but is not, as some would have us believe, the only cause. Want of apposition of fragments and deficient blood supply of one of them are of importance in certain cases. I am old enough to have watched the old method of prolonged use of none-too-efficient splintage, with no regard for other considerations, give way to mobilization and massage " which, used indiscriminately-as it was then and even is to-day by some-gave just as bad results. Fortunately this has now been replaced by a method which regards immobilization, preferably by plaster splints, as the essential, but favours the early functional use of the limb, provided this is possible without disturbing the fragments. Far too many cases are still seen, however, of delayed union resulting from the too-early use of massage, and movement of adjacent joints. Another common fault, perhaps less common than it was, but still providing a certain number of cases of non-union, is to treat a simple fracture by internal fixation and not only use an insufficient number of screws, but in addition fail to provide adequate external splintage. Every plated fracture should be splinted externally with the same care, and often for the same length of time as a similar fracture-i.e. one with perfect apposition of fragments-that has been treated conservatively. I am not at all certain that the pendulum has not smwung over too far and that it would not be better if open operation, which should give something very near 100 per cent. perfection in its results, were resorted to more frequently than it is to-day. At any rate I rather feel that this is true of my own practice.
Personally I regard malposition as a definite cause of delayed union and even of non-union. I have been much struck by the almost complete absence of callus formation when operating upon some cases of transverse fracture, with overlap, of the femur and forearm bones, although three or four months had elapsed since the fracture occurred. In such cases one has seen nothing more than a little rounding off of the sharp edges, yet when placed in good position and fixed, the fractures in these cases united without the slightest difficulty. Interposition of muscle, &c., between the fragments as a cause of non-union I regard as so rare as to be negligible. Once I found the musculospiral nerve between the fragments of a fractured humerus.
In recent years a new cause of non-union has appeared, namely skeletal traction. Having published a short paper [1] calling attention to this risk, I was delighted to hear the emphasis laid on this by Mr. Moore. The method is undoubtedly providing an appreciable number of non-unions even when it has been used under the best conditions as regards X-ray control. Invaluable as the method undoubtedly is in certain cases-e.g. compound fractures of the lower third of the leg-it would, I think, be a great mistake to allow students to regard skeletal traction as the method of choice in cases requiring extension.
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Section of Orthopcedics 991 As to treatment, the decision as to whether a case should be regarded as one of delayed union only, or of non-union requiring operation, should depend more on the X-ray appearances than on the time factor. The amount of callus and the absence or presence of sclerosis of the ends of the fragments are usually regarded as the points of greatest importance, but I feel that the position of the fragments is often the deciding factor. The tendency nowadays to favour functional use of the broken limb, even to the extent of weight-bearing, if this can be done without risking the immobilization, undoubtedly saves from operation many cases that would, a few years ago, have been treated by grafting. This holds good for cases with fairly good apposition of fragments and good alignment. Angular displacement, on the other hand, is particularly unfavourable. In the tibia, for instance, with this deformity weightbearing is impossible without a bending strain occurring at the fracture, in spite of perfect plaster work. Again, when displacement of the fragments in a transverse fracture is complete, it often saves much time, besides giving a more perfect result, to operate while the case would still be regarded bymany as only a delayed union. In such a case, operated upon relatively early, bone-grafting is unnecessary, reduction and plating being suifficient to produce rapid consolidation. I have in mind cases which might have been treated by operation at first, but which for various reasons were treated conservatively. In most cases of real non-union bone-grafting is an essential part of the operation. An inlay graft is usually considered the best type but the intra-medullary insertion of one end is often convenient and beneficial. Girdlestone:
wish to lay great emphasis on the importance of damage to the circulation of the bone as a cause of delayed and non-union. Union depends upon active circulation in both the fractured ends. In these cases one often sees-as, indeed, Mr. Moore's radiograms have demonstrated-the formation of a periosteal bridge of bone from the periosteum of the shaft an inch or so above the fracture to a similar position below, with a complete lack of callus matrix between the ends themselves. Sometimes the damage to the nutrient arteries is so extensive as to lead to prolonged aniemia or ischaemia of the ends. In such cases to operate prematurely is harmful and appears postpone the return of circulation which, however, will follow a period of active use.
may be necessary to have a patient with a nonunion of the femur get up with his limb in a walking appliance for some months before the circulation is re-established. Union may then occur, but if it does not, grafting can then be carried out under favourable conditions.
992
Proceedings of the Royal Society of Medicine 44 I feel strongly the value of the recognition of this point, for bone-grafts will often fail if the central part of their course is in an avascular bone bed. Bone-grafts have acquired a reputation for carrying circulation beyond their very considerable deserts. My colleagues and myself make a great point in the technique of grafting such cases, in avoiding the complete stripping-up of the bone-ends as we feel that the circulation in the bone-ends could be further damaged by the stripping away of the soft tissues. In many cases good joinery will succeed, but others, of the nature described, demand more biological care. In these more difficult cases my results had been better since I avoided freeing of the ends and left the distant-from the operator's point of view-side of the bone-ends undisturbed in their vascular soft tissue bed.
In advocating the now well-known method of drilling through sclerosed and relatively avascular bone, I would point out that just as passive movements may be necessary to prepare the way for active use in a joint, so, in a bone, drilling may provide channels by which active circulation may be restored. My second point is an advocacy of using not merely the Albee type of bone graft, but a combination of inlay, osteoperiosteal, and multiple small chip grafts as massively as conditions will allow.
The following table shows the results in a series of 18 cases of grafting for definitely established non-union. Mr. K. H. Pridie: It is a common fault to confuse delayed union and nonunion, and most of the cases shown by previous speakers are simply cases of delayed union. A fracture may be said to be ununited when it will not unite without operative intervention, no matter how long it is left.
Certain types of fracture, however, will never unite without operative treatment. These are fractures of the patella, fractures ofthe olecranon, and intracapsular fractures of the neck of the femur, but they hardly enter into the discussion.
Certain fractures, we know, are slow in uniting. The healing time varies inversely with the cross-section of the bone at the site of fracture, and thus a transverse fracture of the femur takes longer to consolidate than a long spiral fracture where the surfaces broken are large.
It is also common to confuse the terms " union " and " consolidation". In a case of fracture of the femur a mass of callus is thrown out after five to six weeks. If traction is discontinued now, the bones will angulate at the site of fracture, but no fresh overlap will occur, as the bones are united together with a soft semi-organized callus. It is only later, when consolidation has taken place, that we can dispense with splints and allow the patient to walk without fear of angulation.
When a Fracture Clinic was opened at Bristol, there were ten cases of ununited fractures which needed treatment. Since then, 4,000 fractures have been treated and only one has failed to unite. This was an intracapsular fracture of the neck of the femur where the Smith-Petersen pin slipped out, as the head fragment was too small.
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Section of Orthopcedics 993 An investigation of the ununited fractures which have been sent to the Clinic for treatment, shows that the most common cause of non-union is over-traction. In three cases which had been treated with 30 lb. traction for six weeks the bones had been pulled over length and non-union had resulted.
Cases of non-union can be treated simply by multiple drilling of the bone-ends, using a high-speed electric drill. The drill-holes re-vascularize the bone-ends, and union takes place rapidly, provided that splinting is adequate. The modern tendency is to diagnose those cases in which delayed union is likely to occur and perform a bone-drilling operation to ensure speedy union.
Mr. Eric Lloyd had used Beck's drilling six times, three of which were in cases of fractures of the tibia. All were cases of non-union of some standing and in each the fibula was divided and the tibia drilled. Two were successful and one had been a failure to date.
Case L-Man aged 20. Non-union of 2A years' duration. Walked in plaster after Beck's drilling and seven months later the bone was clinically and radiologically united. Plaster was continued for two months and the patient has worn no support for the last three months and is now able to run painlessly.
Case II.-Man aged 27. Non-union of one year and eight months' duration. The patient, unfortunately, was allowed to walk in a plaster which did not include foot or ankle, and as the fracture had failed to unite in eleven months it was again drilled and he is now walking in plaster, though the result is still awaited. Case II1.-Man aged 24. Non-union of one year and five months' duration. Walked in plaster day after Beck's drilling and four months later was clinically and radiologically united. All support was discarded and when seen three months later he was walking perfectly well. POSTSCRIPT (20.3.37 ).-This patient has now relapsed and consolidation is incomplete.
He is being provided with a double short walking-iron but a bone-graft may still be necessary later.
All three patients had apparently been treated by skeletal traction at the time of the fracture and one of them (the patient in Case III) said that he had had 35 lb. traction for five weeks.
Mr. St. J. D. Buxton said that he had investigated the 24 cases of non-union, and delayed union, of the tibia, that had been under his care during the period 1928-1935. In two cases of non-union in infants bone-grafting had been carried out; in neither had the fracture united and in one the limb had since been amputated. Two transverse tibial fractures had been treated by provision of a moulded leather splint and side-irons, months after the fracture, and in both the bone had joined. Twenty cases had been bone-grafted, by a slide-graft from the same tibia. Union occurred in every case. No internal fixation was employed, but the fibula was invariably divided and the tibia approximated after removal of sclerosed bone. A bridge of bone, half an inch wide at the lower end of the proximal fragment, was left below the area from which the graft was cut. This helped the firm fixation of the graft, which was an essential part of the operation. A number of these patients were now playing football, cycling, and doing hard labouring work. A few complained of stiffness of the ankle, and periodic swelling.
The President agreed that there had been non-union in cases in which the ends of the fracture had been distracted by skeletal traction either too severe or too prolonged, without due regard having been paid to the necessity of impacting them 994 Proceedings of the Royal Society of Medicine 46 when the correct length and position had been obtained. Periosteum, muscle, and otber structures were sometimes interposed between the ends of the bone, and for that reason open operation, and not drilling of the bones subcutaneously, was essential. The best results in the treatment of non-union were obtained by open operation, the periosteum being stripped extensivelv up and down the shaft, the ends of the bone freshened, and a long, wide, and massive, autogenous bone-graft inserted within the " cigarette tube " of periosteum thus prepared.
